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SPECIFICATION 

1. TULE 

Tiuck-film chip resistor for hybrid integrated circuit and manufacture thereof 

2. WHAT IS CL.\IMED 

(1) A thick-film chip resistor for hybrid integrated circuit comprising electrodes on both ends 
of a resistance film formed on the general surface of a ceramic substrate. 

(2) A method for manufacturing thickTilm chip resistor for hybrid integrated arcuit. 
comprising the steps of: 

applying a resistance paste on the general surface of a ceramic substrate followed by firing to 

deposit a resistance film; 
applying a conductive paste on the resistance film with a desired width followed by firing to 

deposit conductor bands for electrode,' 
forming a protective film between the conductor bands followed by firing to obtain thick-film 

substrate for chip resistors; 
cuttmg the substrate perpendicular to the conductor bands into resistor strips: and ^ 
scribing each of the strip in the center of each of the conductor band to separate into mS'idual 



chip resistor. 



3. DETAILED DESCRIPTION OF THE INVENTION ^ 



[FIELD OF THE INATNTION] 5-; 



T>0 



This invention relates to a sub-miniature thick-film chip resistor with a new configuratwn to 
be mc;unted to hybrid integrated circuit and a method for manufacturing the s:im-. r-peraaliv to 
the resistor substi tutablu fbr thm-fihn chip vv>,\<ior. 

[PRIOR ART] 

Kc.-,;otors to be inounted to hybrid mt^'g-ated circuit bo;n\: coitus:, c;f t:.: ■ f:; ^ i,.^.--, |- 
thick-fih^i resistor rind thm-film resistor chip. 



coefficient bemg at most +/-100 ppmAC and the accuracy bemg at most %. For example a 
convenr.onal thzck-fW:^ ch.p res,.tor ,s produceJ by .nnting conductive pa.te for elecrrcd-. o. ".n 
aiumma substrate with break-hnes followed by Hnng: prmtzn, resistance paste for res.stor 
followed by firing; trimming resistance value: printing overcoat glass followed hv Hnng to prep -.re 
thick-f.Im substrate; cutting in the center of each electrode to separate mto mdiv.dual stnp; and 
printing conductive paste on each section of the strip followed by firing. 

Finally the strip is cut into individual chip resistor along the break-lines. 

The major dimensions of thick-fiim resistor to be mounted to hybrid integrated crcu.t board 
are 2x1.25 mm. 



9 



Both of th:ck-film resistor and resistor network are generally formed by pnntmg resistance 
paste on ceramic substrate for hybrid integrated circuit, thereby trunmmg or function trimming 
IS required after the formation to adjust resistance. 



ceramic 
ance. 



Many of thin-fihn resistors among the resistors described above are mounted to 
substrates equipped with hybrid integrated circuit having high accuracy and perform 

[PROBLEMS TO BE SOL^'ED] 

However the thick-film resistor and resistor network formed by printing resistance paste on 
ceramic substrate for hybrid integrated circuit, is hard to replace if trimming or function 
trimming for resistance adjustment is failed, It means that it is unable to generally recover the 
substrate. Especially on the ceramic substrates equipped with hybrid integrated circuit having 
high accuracy and performance and mounted with expensive components such as VXSI bare chip 
the mabiiity to replace the failed resistor gives rise to the disposal of the whole substrate,' 
producing great loss in the cost. 

The ceramic substrate equipped with hybrid integrated circuit having high accui-acy and 
penunnance and mouated with thin-film rosi.,tors, is unJosn-able bocau.se U is t;.:,.nc.aiiv 



The thick-film chip resist.;r produced as described above, with the dimensions of 2.x 1.2,", 
13 too large to mount to hybrid integrated circuit. The possible minimum w.dih of elertn-'.'-^ f, .r 
the resistor is about 0.2 mm and thick-film technology mapph.ahle to tho manufa.tur. of 
s>:b-mini;.lure thick-film chip resistor with the electrodes under the value. The- 



re Uu' 



for manufacturing the ch:p resistor with the inimmum size and the electric characteristics «,ua] 
to those of thm-film resistor chip, and to obtain a sub-miniature thick film chip ros.stor 
replaceable even after mounted to ceramic circuit board equipped with VLSI bare chip.s it" ,t is 
identified to be defective. 

Thus the purpose of the invention is to provide a sub-miniature thick-fiha chip resistor 
having electricMl characteristics substitutable for thm-film chip resistor and a metliod for 
manufacturing the same, the sub-mimature thick-fihn chip resistor being replaceable if it is failed 
after mounted to the ceramic circuit board equipped with expensive VXSl bare chips as described 
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[MEANS TO SOLVE THE PROBLEMS] 

The purpose of the invention described above is achieved with a method for manufactui-ing 
th^ck-fihn chip resistor for hybrid integrated circuit, comprising the steps of applying a resistance 
paste on the general surface of a ceramic substrate followed by firing to deposit a resistance film; 
applying a conductive paste on the resistance film with a desired width followed by firing to 
deposit conductor bands for electrode; forming a protective film between the conductor bands 
followed by firing to obtain thick-film substrate for chip resistors; cutting the substrate 
perpendicular to the conductor bands into resistor strips; and scribing each of the strip in the 
center of each of the conductor band to separate into individual chip resistor. 

The present invention is actually explained hereunder. 

The thick-fdm chip resistor of the invention to be mounted to hybrid integrated circuit, is 
classified into sub-miniature thick-film chip resistor, the resistor having the specific construction 
such that resistance film is generally formed on the surface of ceramic substrate and electrodes 
are prepared on both ends of the resistance film. The rt sistor, with the dimension of at most 
0.5x0.5 mm or the preferred dimensions of 0.5x0.3 mm or less, is not realized unless the 
manufacturing method of the invention is used. 

The thickness cf the sub-miniature thick-film chip resis-tor ranges from 0.2 tu 0.7 mm. 

Tile oub-miniature thick-fihn chip resistor of the invention has the temperature coefficient of 
i c-.^islance of +/-50 ppm/"C and the accuracy of -i-,'-0.5 %. 



Tlie mt :;-.(Hi for manufacturing the sub-miniatvire thuk-fiini 



Aprefcrred example of the ceramic substrate of the .nvention >. made of aamnna. 

IluO,. B,.03. InO., or PdO-Ag paste ,s avaUable for the resistance paste of the .nventaon. RuO ■ 

paste bLiuiL: preferred. 

Metalhc or alloy paste including Cu, Pd Ag. PfAg, Au, PfAu or Pd-Au ,s available for the 
conducuve paste of the invention. 

One of preferred protective film of the invention is glass coat. 

Common technology for producing thick film is available for preparing resistive paste and 
conductive paste as well as for forming and firing protective film, especially screen printing being 

preferable for printing. 
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Ti'immin^ resistance of thp rP<;iQtnr nf i-h^ . . . 

...^ xwv^w^.wii ^dii ue periormea Detore, cliirmg or after 

dicing of the substrate. 

The separation of each resistor formed on a ceramic substrate is made with Dicing Technologv 
a method of the technology havmg the steps of preparing resistive film and conductor bands on e 
ceramic substrate; and conducting dicing after the normal process including firing to marl- 
Scinbe Lines" ui the half thickness of the substrate followed by breaking into pieces. Another 
method of th. technology comprises some prior steps; the step of sticking adhesive support film on 
the reverse side of the substrate followed by dicing; and the step of stretching the film to separate 
individual chip resistor. The Dicing Technology enables to scribe electrodes into 0.1 mm in the 
width. 

Hybrid integrated circuit with high accuracy and performance as. without limitation 
preferred to mount the sub-mmiature thick-film chip resistor of the invention, the resistor to be 
formed on ceramic substrate. The resistor of the invention can be mounted to ordinary hybrid 
integrated circuit as well as the cu-cmt. 

The resistor of the invention is primarily mounted to the hybrid integrated circuit vnth hi ah 
accuracy and performance through one of normal mounting technologies such as wire bonding or 
soldering. 



[prf:ferpj-:d kmbo.oime.nts] 



Kmbcdiment 



FIG. 1 shows the perspective view of one of new sub-miniature th:ck-film ch:p res.storc- 
manufactured vvicti the metl.ud of the nwentxon. wherein "r' denotes alumina substrate 
thick-filox resistive film, -3" electrode conductor and •■4 ' protective film. FIG. 2 sliows the plane 
v:ew of alumina substrate generally formed with thick-film resistive film 2. tlie substrate be--n.. 
farmed with electrode conductor 3 and protective film 4, the film not shown in the figure followed 
by separating mco chip pieces along the dashed lines S and 9 so as to complete sub-miniature 
thick-film chip resistors as shown in FIG. 1. 

FIG. 3 IS the sections showing a process of sub-miiuature thick-film chip resistor of the 
invention. 



A detailed method for manufacturing sub-miniature thick-film chip resistor of the invention is 
described hereunder with the reference of FIGS. 2 and 3: 



(i) 
(h) 



Gil) 



An alumina substrate 1 with the thickness of 0.2 mm is used as the ceramic substrate 
as shown in FIG. 2. 

The substrate 1 is generally printed with a resistive paste (#1700 made by Dupont) 
using screen printing method, followed by firing with the profile of the peak 
temperature of 650 degrees C. the duration of the temperature of 10 minutes, and the 
total firing time of 60 minutes to form thick-film resistance layer 2 (referred to FIG 
2). 

The resistance layer is then printed with conductive copper paste (#5001 made by 
Dupont) using 2-dimensional screen printing method developed by Dupont. followed 
by firing with the profile of the peak temperature of 600 degrees C, the duration of 
the temperature of 5 minutes, and the total firing time of 30 minutes to form 
electrode conductors of 300;. m tluck at 200.. m intervals. (Refer to FIG. 2 for the 
plane view.) 

The substrate is printed with overcoat glass 4 as the protective film usm- screen 
printing method, followed by firing. 



^'-'■"'■'■''^ ^ f'J^cd with chip resistor.:; is diced along the dashed hne.s 9 sliown ir. 

FIG. 2 and the scribed with Dicing Saw (the product of DISCO) to obt-iin sub-muuaiuv. t]::ck-f,I.'n 
chip resistors having the electrodes 3 with the same width of about l oO u m en both ends. 



The laser tnnimmg can also be mads before or after the -cnbing of the substrate, or aft; 
dicing of the substrate. 



The sub-mmiature th.ck-film chip resistor of the invention is mounted to hybrid integrated 
circu:. with high accuracy and performance. As an embodiment of mounting, wire bending (a^ ,^ 
selected between two ways shown in FIG. 4. Actually a hybrid integrated circuit board is .ipplu,, 
w.th an insulating epoxy bond (n70-4 made by Epotec) and hardened for 30 minutes az 150 
degrees C for die-bonding the resistor, followed by joimng each electrode of the resistor with 
appropriate conductor of the circuit board using wire 5. Micro-soldering (b) ,s also available as 
another method. 

The sub-miniature thick-film chip resistor of the invention, having electric characteristics 
equal to thin-film chip resistor and substitutable for it. enables the reduction m the cost. The 
resistor of the invention has the temperature coefficient of resistance of +/-50 ppm/^C and the 

accuracv of +/-n =, <>/, ,.,^n ^„ 4.u„ u. . • o — > . . . 

ouiciiesL si^e ox U.J mm{UxO.Z mmW). The resistor can 

further be replaced even after mounted to ceramic circuit board equipped with VLSI bare chips, if 
the resistor is failed. 

[EFFECT OF THE INVENTION] 

The manufacturing method of chip resistor according to the invention enables the production 
of a new thick-film clup resistor having the temperature coefficient of resistance of H-50 ppmAC 
and the accuracy of 4-/-0.5 % as well as the smallest size of 0.3 mm(L)x0.2 mm(VV). 

The sub-miniature thick-film chip resistor of the mventxon can be used for hybrid integrated 
circuit with high accuracy and performance, substituted for conventional thm-film chip resistor. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 -is a perspective view showing the first embodiment of the chip resistor c.f the 
invention-' 

FIG. 2 IS a plane view showing an embodir-ent of alununa subs:rate to be ur^ed fr^r the 
manufacture of the chip resistor of the invention; 

FIG. 3 ir. sectional views showing a manufacturing process of the chip resistor of the 
invention; and 

FIG. 4 IS ihc socticnal views showing mounting methods of the resistor c;f th.^ invr---.- v. M..-, 




1- Aiumma substrate,' 

2- Thjck'fiLm resistance layer? 
G- Conductor.' 

4- OverccTiL glass; 
H- Bonding wn-e; 

7- Solder; 

8- Scribe h:\c or break iine (parallel to conductor band and passing m the center of the 
band); 

9: Lengthwise scribe line or break line (Perpendicular to conductor bands); 

10: Bond or Solder; 

11^ Substrate for hybrid IC 
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